The aim of this research is to analyse the level of technical efficiency of rice farming by considering farmer preferences towards natural and technological risks. This research is conducted in selected regions in Malang Regency (Indonesia) with the consideration that farmers in selected areas can produce high productivity, but productivity growth fluctuates very sharply each year (within 13 years). Natural phenomenon that often appears as the risks of farming, such as, floods, droughts, and hurricanes. While, the application of technology is the part of the risks of farming, too, because farmers are not willing to adopt the technology which facilitated by the government. Rice farmers who used respondents are 305 people namely spread in seven selected regions in two seasons. The method used are a) Expected Utility of Money to measure the farmer preferences towards the risks and b) Stochastic Frontier Translog production function with Maximum Likelihood Estimation (MLE) approach to analyse the level of technical efficiency of farming. The results found that 77.7% of farmers have averter risk preferences, the level of technical efficiency obtained at 0.75 by pooling the data, and the influence of the preference of farmers to sources of technical inefficiency is -0622. Recommendation submitted is induced the technology with mentoring system and immediately implement the agricultural insurance.
droughts and hurricanes, rodents and pests attacks such as leafhoppers and rice blast disease (Pyricularia grisea), the market, and also other phenomena that cannot be controlled by farmers, causing farmers constantly faced with the problem of uncertainty in profit.
The uncertainty will affect the behaviour of farmers in addressing how to make decisions in allocating inputs in order to reduce or avoid the risk of production, so it will affect the production to be achieved and lack of attainment in maximizing profits. According to Ellis, 1988 and Wik, et al., 1998 that avoidance behaviour towards the risk of production will cause the resulting production will be lower than the farmers who behave prefer to face the risk, so that an impact on the low income due to the low or unwillingness of farmers in adopting technology. There are three possible farmers preference in the face of the risks of farming, such as (a) risk averter is behaviour of farmers who prefer to avoid the risk, (b) risk neutral is the ordinary attitude on the risks that may be encountered and (c) risk taker is the brave behaviour of farmer in the face of risk. According to Ellis (1988) that the behaviour of farmers in the face of risk will affect productivity and farm income. The more courageous farmers against possible risk of loss, the greater the farmers tried to increase the production. Risk taker farmers are more efficient in allocating inputs in order to obtain maximum production, while risk averter farmers will suffer inefficiencies due to face problems in determining how big decision requesting input and how large output will produce.
Influence the allocation of inputs to the average production that built with production function stochastic frontier by Aigner, et al., (1977) and Meeusen and Van den Broeck (1977) as well as frontier production function deterministic built by Farrell (1957) and Aigner and Chu (1968) did not involve the risk of the production. The fact of production risk is an aspect of uncertainty of production which is very important in the formulation of government policy and decision-making by farmers according to Just and Pope (1978) , Pope and Kramer (1979) , Griffiths and Anderson (1982) . According Battese, et al., (1995) that incorporate the risk of production on stochastic frontier production function is the essence of things related to the production of technical efficiency, since the measurement of technical efficiency measures the degree of usefulness of the technology adopted in the production process.
Research of efficiency by incorporating elements of the production risk has been successfully done by several researchers, such as Saptana (2012) While, some research have found that the rice commodity are not yet technically efficient: Gosh and Raychaudhuri, 2010, for organic rice are efficient began in the fifth and seventh years (Prayoga), when compared with the efficiency of conventional products; the efficiency of organic products are lower (Karagiannias (2003), Charyulu (2010), Poudel, et al (2011) . Research above found that the level of efficiency in allocating inputs of rice farmers is around 0.4 -0.9.
The potential of the Malang Regency is quite large in order to increase the production and productivity of rice, since this area has a fairly supportive environment. Biophysical environment such as air temperature and humidity between 23-30 o C, alluvial soil fertility conditions and andosol which is a type of land suitable for rice crop, rainfall between 1500-2000 mm / year, altitude of 0-1500 AMSL, enough sunlight, as well as water sources. Socioeconomic environment that is enough to support such as labour, easy access on market input and output markets, easy access to capital, high purchasing power, easy access to technology and information, educational opportunities and counselling are quite open, adequate infrastructure support. The political environment includes government policies quickly conveyed to the public as close to the relevant institutions such as the Department of Agriculture, Food Security and Extension Executive Board, and Agricultural Extension Centres. As well as demographic environment such as experience to farm, farmer groups and participation in education.
Despite the potential, but the environment over there that can be controlled by the farmer depends on the managerial capacity of farmers to manage the farm, and some beyond the control of farmers caused by natural phenomena, it causes uncertainty of production produced by farmers. With rice land ownership by farmers who are not so large in Malang Regency, risk of farming uncertainties facing the greater influence to the allocation of input and impact on productivity. It difficult for the farmers to achieve efficiency. A combination of production factors and production risks would put farmers in a position to improve the efficiency and welfare levels. Uncertainty of production caused by the behaviour of the production risks will have an impact on the level of technical inefficiency.
Ureta, B, E. and Antonio E. Pinheiro (1997) suggested that one of the factors causing the decline in productivity is the technical inefficiency. Kumbakhar (2002) suggests that the production of a commodity affected by whether or not the allocation efficiency of input use, presence or absence of technical inefficiency problems related to the managerial capability of farmers, and the risk factors of production in farming.
Numerous researches above finding that the factors influencing the level of technical inefficiency of farmers were age, old farm, participation in farmer groups, the number of families, education, land ownership, access to credit, education, perceptions of soil fertility, irrigation, the number of parcels and income outside farming. So this research has hypothesized that the factors influencing the level of technical inefficiency is the capability of managerial (way of information acquisition price of rice (unhulled rice) and the system of subsistence farmers), characteristics of farmers (age, education level, length of business, land status) and the behaviour of farmers in the face of production risk. Whereas, the allocation of the input will directly affect the level of technical efficiency.
By looking at the phenomenon of rice productivity rate in Malang Regency which highly volatile, it is possible the preferences of farmers in the face of production risk are quite a role in the level of technical efficiency achieved. Based on the above description, the purposes of this study are a) to measure the preferences of farmers against the risk, b) to analyze the level of technical efficiency taking into account the preferences of the farmers against the risks and c) to analyze the effect of preference of farmers to sources of technical inefficiency.
MATERIALS AND METHODS
Data collection is conducted in the rainy season of 2013 and the first dry season of 2014, using in-depth interviews to rice farmers of 305 people. The location selected purposively with consideration that regions with high productivity of rice, but productivity rate for 13 years is fluctuate sharply. The method of data analysis is the expected utility of income and Stochastic Frontier Translog production function, as follows:
The formulas of expected utility of income:
where: EMV (Expected Money Value) is the expectation of the average actual income on the perception of two seasons. E(U) (Expected Utility) is the sum of the utility derived from the income expectations of the risks that may occur in two seasons. EMV -E(U) is an opportunity of money value earned, where it shows a preference of farmers to risks, p 1 = probability of income to the perception of a good season, p 2 = probability of income to the perception of bad season, I 1 = expected income during the rainy season, I 2 = expected income during the dry season, I a1 = actual income during the rainy season, I a2 = actual income during the dry season, E(Py 1 ) = expected output prices based on the risks that accompany the rainy season, E(Y 1 ) = expected harvest result based on the risks that accompany the rainy season, E(Py 2 = expected output prices based on the risks that accompany the dry season, E(Y 2 )= expected harvest result based on the risks that accompany the dry season. Farmer preference indicator is said to be risk averter when I a < EMV, said risk taker when I b > EMV, and said to be risk neutral when I c = EMV.
Technical Efficiency Analysis of Rice Farming:
Frontier translog productivity function (Christensen, L. R.,1973) is used to measure the level of technical efficiency. The parameters of the stochastic frontier production function estimated using Maximum Likelihood Estimators. The completion of the model using Frontier 4.1 software program. The level of efficiency and inefficiency sources analysed from frontier translog productivity function simultaneously. Equation (5) and (6) are:
Ln u it = δ 1 ln Z 1t + δ 2 lnZ 2t + δ 3 lnZ 3t + δ 4 lnZ 4t + δ 5 lnZ 5t + δ 6 lnZ 6t + δ 7 lnZ 7t
where: : alleged parameters for input to the h-th on the productivity frontier in individuals to the i-th on growing season to the t-th, : alleged parameters for interaction input to h-th with an input to the m-th toward frontier productivity, ln Y it: productivity of dry-milled rice on individual to the i-th in the growing season to the t-th (kg),
: input to the h-th on individual to the i-th in the growing season to the t-th, : natural lag which shows the interaction between inputs used on each individual to the i-th and the growing season to the t-th, e it = v it -u it , u it = random variable of non-negatively associated with technical inefficiency, N(0, ), v it = statistical errors iid N(0, ), Dtehn = dummy technology where the number 0 indicates not to apply the technology and number 1 show applying technology. Input variables are seed, urea, ZA, NPK Phonska, SP-36, organic fertilizers, male labour, female labour, a solid chemical drugs and a liquid chemical drugs.
Furthermore, the alleged effects of technical inefficiency caused by age of farmers (Z 1 ), education level of farmers (Z 2 ), farming duration (Z 3 ), land ownership status (Z 4 ), the system of subsistence (Z 5 ), how to obtain information of output prices (Z 6 ) and farmer preferences against the risks (Z 7 ). With simultaneous estimation procedure, will get the estimators for α, δ, γ and Ϭ s 2 where Ϭ s 2 = = ; Three hypotheses were proposed: H o : α hm = α h = hm = h = 0 ; H 0 : δ 1 = δ 2 = δ 3 = δ 4 = δ 5 = δ 6 = 0 ; H 0 : = 0; (no impact on technical inefficiency and all deviations derived from statistical errors). Statistic test of likelihood ratio is used hypothesis test above: λ = -2 (ln (L(H 0 )/L(H 1 )) where L(H 0 ) is the likelihood function with a null hypothesis and L(H 1 ) is a likelihood function with the hypothesis 1. H 0 will be rejected if λ exceeds the value of (1-α) 100% for the chi-square distribution with two degrees of freedom, where α is the size of the test concerned. Distribution of is included because the distribution of the u i is two specific parameters, μ and .
The technical efficiency of individual to the i-th, denoted as TE i , with the value of certain explanatory variables, X i is defined by the ratio between the average production of the i-th, with real value due to the impact of the i-th; u i with production inefficiencies to the average production if there is no production inefficiency (Battese and Coelli, 1992) , namely:
RESULTS AND DISCUSSION
The number of rice farmer preference in the face of the highest risk is risk averter farmer of 77.70%, the number of farmer who prefers to face the risk is risk taker of 20.33% and risk neutral farmer is only 1.97% (Table 1) .
Preferences of risk averter denoted number 1, risk neutral notation is number 2 and risk taker notation is number 3. While the application of technology is used as a dummy to observe whether there are differences in the productivity of rice produced between the rainy season and the dry season due to the application of technology. The application of technology is denoted number 1 when farmers apply the technology recommended by the government according to the specification of location and time. The application of technology by the farmers, such as Jajar Legowo (Java's term) with various methods of plant spacing, System of Rice Intensification (SRI), Integrated Pest Management -Farmer Field School, Program of balanced fertilization and the use of improved seed. And conversely, farmers who do not apply the recommended technology by government, denoted by the number 0. In the rainy season farmers in the research area by 47.68% and in the dry season by 22.95%, which does not apply the technology. According to Karagiannis (2003) , the formulation of the impact of inefficiency has three advantages, as follows 1) the equation allows the prediction and explanation of the impact of inefficiencies in the use of single-step estimation procedure, as long as the impact of inefficiency on u it is a stochastic, 2) equation can also be used technical efficiency with timevarying of technical change using estimates of single-step, during the inefficiency impact is stochastic and truncated half-normal distribution, 3) despite using truncated half-normal distribution, but it can be interpreted that technical inefficiency effects are farm-specific.
The equation solved by a single equation approach to the estimation procedure MLE (Maximum Likelihood Estimation) using Frontier version 4.1.c. developed by Coelli (1996) . Maximum Likelihood (ML) method consists of estimation of the parameters that are unknown in their behaviour that the probability of observing a predetermined productivity variable is done the maximum extent possible. Variance parameter of the likelihood function estimated at 2 = and ϒ = 2 , while the result is = 0.11 and = 0.262 so that 2 by 0.372. According to Gujarati (2013) that the larger the sample used for the estimation of ML, then 2 will converge toward the real 2 , and the difference estimator will be smaller between OLS and MLE estimates. By putting the value of the log likelihood function estimator, the obtained value of the log likelihood function when the OLS at -156.8 and maximum value at -118.6 that no other values of the parameters which will provide a higher probability in the analysis.
While the ϒ value by 0.859 indicates that the estimated ϒ value approaches a value of 1, stating that the highest probability that the inefficiency is a significant impact on stochastic frontier models, and the average production function is not sufficiently represent the technology of farming. It means that the gamma of 0.859 indicates that for 85.9% of the total variation of rice production with a confidence level of 99% to farmers, because it is caused by technical inefficiency among farmers. In other words, rice production can be optimized if the technical inefficiency among farmers minimized.
Some hypotheses can be tested using statistical of the generalized likelihood-ratio, which LR test amounted to 76.48 obtained from the log likelihood H 0 and H 1 , with restrictions 8 is greater than the critical point at the 99.5% confidence level of 21.96, which means that the alternative hypothesis is accepted. Among others, 1) that the independent variables have an influence on the dependent variable in the equation of technical efficiency, 2) that the independent variables have an influence on the dependent variable in the equation of technical inefficiency and 3) ϒ is a stochastic variable. From the frontier analysis, partially interpreted that the factors affecting positively and significantly on the level of technical efficiency are fertilizers of urea, NPK Phonska, and SP-36, education level of farmers and farmers' risk behaviour, otherwise factors that affect negatively the technical efficiency level and significant are the use of male labour and subsistence system.
The advantages of the translog production function are able to analyse the effect of sustainability increasing productivity potential if (1) the use of each input is add more and (2) the interaction between the use of inputs. From the estimation of factors that influence positively and significantly (by 90-99% confidence level) was added labour of male. The potential productivity will be increased by 0.152% if there are additional workforce of 1%. These results are not consistent with the previous analyses that the added amount of labour it will reduce 0.739% productivity, interpretation of productivity improvement sustainability can be achieved if there are additional male labour by 0.152.
In addition, the translog production function can estimate with detail, relationship or interaction between different inputs used. A negative sign would indicate a relationship between the inputs interchangeable, and conversely a positive sign indicates a complementary relationship or both inputs that complement each other. Significant substitution relationships shown in the interaction between the input use of seed-fertilizers of urea, SP-3 -male labour, and organic fertilizer -female labour. Meanwhile, a complementary relationship is shown in the interaction between male labour -female labour, fertilizer of urea -male labour, and ZA fertilizer -liquid chemical drugs.
Interaction between inputs indicate the law of Marginal Rate of Technical Substitution (MRTS), where the input which one added it will lead to other inputs also increased, if the sign is positive, and vice versa input which one added it will lead to reduce the use of other inputs will be indicated with a negative sign. The application of technology in the research area in two cropping seasons show that no difference in the effect of the technology application to the rice productivity. Partially means that an increase of 1% urea fertilizer will lead to an increase in the productivity potential of 0.359%, less than 1%. Currently, the average use of urea by 291 kg / hectare in the rainy season and by 298.8 kg / hectare, is almost accordance with the recommendations of government by 200-300 kg / hectare. Nevertheless, when farmers add 1% of this amount by 2.91 kg in the rainy season and 2.98 kg in the dry season, the production of rice obtained an increase by 0.359% from the average production produced which rose by 23.36 kg in the rainy season and 24.52 kg in the dry season.
In the research area, the average use of NPK Phonska fertilizer of 180.8 kg / hectare in the rainy season and 181.6 kg / hectare during the dry season; while the government's recommendation for the use of fertilizer is 150-200 kg / ha. From the estimation, NPK Phonska fertilizer increases by 1% would lead to a potential increase in productivity only by 0.1%. When farmers add the fertilizer approximately 1.8 kg, it will obtain an increase in productivity of 6.5 kg / hectare in the rainy season and 6.83 kg / hectare in the dry season.
The average use of SP-36 fertilizer is 43 kg / hectare during the rainy season and 130.7 kg / hectare during the dry season; while the government's recommendation for the use of fertilizer is 100-150 kg / ha. From the estimation results, an increase in SP-36 fertilizer is only 1% would lead to a potential increase in productivity by 0.147%. When farmers add SP-36 fertilizer approximately 4.3 kg in the rainy season and by13.07 kg / hectare during the dry season, it will obtain an increase in productivity of the rainy season by 9.5 kg / hectare and 10 kg / hectare in the dry season.
Education level and risk behaviour of farmers have a negative sign of the impact of technical inefficiency, indicating that the higher the education level of farmers will reduce the level of technical inefficiency reached by farmers. The average level education of farmer in the research area is elementary high school, if the level of education increased, such as following the open education of junior and senior high school to elderly farmers and formal education such as extension and education of technology cultivation, it will affect a decrease in the level of technical inefficiency farming. The level of education of elementary upgraded to junior level and can further help to decrease the impact of technical inefficiency at 0.22%.
Farmer preference in the face of risk proved significantly and negatively affect with the confidence level of 99.5% by 0.62, which means that the reduction of technical inefficiency by 0.62% due to the increase in farmers' courage in the face of farming risk of 1%. Farmer preferences can be improved by induction technology with continuous assistance, so that there is an increase in the courage to take additional income opportunities from risk averter to risk neutral.
Conversely, factors affecting the decrease in frontier productivity impact on the decrease of rice farming efficiency is the use of male labour and subsistence system. Every increase in the use of men labour by 1% or 7 people per hectare, it will lower the productivity potential by 0.739% or 48 kg / hectare during the rainy season and 50.47 kg / ha during the dry season. According to the one extension in Singosari District, Malang Regency, that the use of male labour for land preparation activities are quite a lot and seized about 5 days, but on average only 60 people per hectare per planting season. Thus, it need to reduce the use of male labour in the farming activities.
The analysis result of the technical efficiency level of rice in Malang Regency in average panel data is 76.5%, thus the efficiency is achieved at a high category. Meanwhile, when averaged of each planting season with cross section data on average at 77% of the rainy season and the dry season amounted to 75.9%. (Table 3) . A total of 64.59% of the farmers are in the category of a high level of technical efficiency in the rainy season, the condition is also experienced by farmers in the next season namely the dry season with the number of farmers by 63.61%. Although farmers have achieved high levels of efficiency, keep in mind also the opportunity to improve the technical efficiency is up to 100%. Sources of inefficiency can be analysed simultaneously with the frontier translog productivity function, which had been discussed earlier.
Descriptive statistics, shown in Table 4 that the higher the level of technical efficiency, the higher the percentage of farmers who implement technology well in the rainy season and the dry season. When the frequency distribution efficiency level is based on the farmers' risk behaviour, it is presented in Table 5 , which shows that the descriptive statistical behaviour of farmers who prefer to take the risk tend to have a high level of efficiency both in the rainy season and the dry season. In accordance with the theory, that the conduct would rather avoid the risk of using resources inefficiently (Ellis, 1988 ). In the rainy season, the risk averter behaviour of the average reached a level of technical efficiency by 0.742, if the interval category, entered on high technical efficiency by 63.29%. A number of 10.13% risk averter farmers achieve technical efficiency among 0.31 to 0.51 is a low category, and approximately 63.29% of risk averter farmers has achieved a high technical efficiency (Table 5 and Figure 1 ). However, the average level of efficiency, the difference is quite far with risk neutral farmer (0.877) and a risk taker (0.802) during the rainy season. For farmers risk neutral, 100% of the farmers have achieved a high level of technical efficiency. As for the farmers risk taker, there is 20.97%, which still achieve moderate levels of efficiency, and the remaining 79.03% was reached efficiently. (Table 5 and Figure 2 ). In the dry season, risk averter behaviour is enough to change, a high level of technical efficiency tends to shift into a moderate and low technical efficiency, 58.23%, 30.38% and 11.39% respectively. While, the risk neutral farmer remains at 100% the number of farmers who achieve high technical efficiency. Difference with behavioural risk averter, risk taker farmers tend to shift can achieve high efficiency levels of 98.39%. Although a high level of technical efficiency can be achieved by these three groups of farmers, but the average behaviour is different, that average level of technical efficiency of risk averter farmer of 0.723, the average risk-neutral of 0.848, and the average risk taker of 0.892.
CONCLUSIONS
The most rice farmer preferences is risk averter (farmers who prefer to avoid the risk) of 77.7%. The level of technical efficiency significantly and positively influenced by the allocation of inputs (fertilizers of urea, NPK Phonska, and SP-36) and managerial capabilities of farmers (subsistence system adopted by farmers) and preferences of farmers in the face of risk. The average technical efficiency of risk averter farmer by 0.723, risk neutral by 0.848 and risk taker by 0.892. The results showed that the role of risk behaviour of farmers substantially to the achievement of efficiency and increase productivity, it is necessary to increase informal education (Integrated Pest Management -Farmer Field School), extension, mentoring technology, and insurance so that information for induction technology will be appropriate for farmers, thus expect an increase of courage farmers in taking a chance or opportunity to get income by improving the allocation and combination of farm inputs. 
